Introduction
Introduction
The association between glucose intolerance, elevated blood pressure and abnormal lipid levels is well established and comprises the basis of metabolic syndrome pathophysiology. We hypothesize that abnormal preconception lipid levels are associated with the increased risk of severe pregnancy complications such as preeclampsia and gestational diabetes mellitus.
Methods
We included all singleton deliveries (n = 27,721) of women without known cardiovascular morbidity and preeclampsia and gestational diabetes mellitus during previous pregnancies. Association between preconception low high density lipoprotein cholesterol (HDLc level50 mg/dL), high triglycerides (level150 mg/dL) and the primary outcome (composite of gestational diabetes mellitus/or preeclampsia) was assessed using Generalized Estimation Equations.
Conclusions
Our analysis showed an increased rate of preeclampsia and/or gestational diabetes in women with low HDLc and high triglycerides values prior to conception. In view of the severity of these pregnancy complications, we believe this finding warrants a routine screening for the abnormal lipid profile among women of a child-bearing age.
Background
Adult metabolic syndrome is defined by a combination of elevated blood glucose, central obesity, elevated blood pressure, high triglycerides and low high density lipoproteins cholesterol (HDLc). Insulin resistance, an underlying pathology of the metabolic syndrome, also is a known risk factor for development of pregnancy complications such as hypertensive disorders of pregnancy (HDP) comprising of gestational hypertension, preeclampsia/eclampsia and preeclampsia superimposed on chronic hypertension and gestational diabetes mellitus (GDM). Indicating possible common pathophysiology, women with gestational diabetes mellitus are also at increased risk for preeclampsia [1, 2] . Both of these pregnancy-related disorders are associated with development of future chronic diseases, i.e. type 2 diabetes and hypertension. [3] Normal pregnancy is associated with a physiological increase in total cholesterol, triglycerides and lipoproteins [4, 5] . However, abnormally elevated triglycerides (the additional component of the metabolic syndrome), total cholesterol and low density lipoprotein cholesterol (LDLc) measured in pregnancy were all found to be associated with preeclampsia [1, 6, 7, 8] . High gestational triglyceride levels alone were shown to have an adverse impact on the composite outcome of preeclampsia and /or gestational diabetes mellitus [6] .
Pregestational lipid levels (triglycerides, LDLc, total cholesterol) were found to be associated with premature birth and low birth weight [9] . However elevated triglycerides levels and low levels of HDLc, both components of metabolic syndrome were not studied in relation to future pregnancy complications. In the current study we aimed to investigate the independent impact of an elevated lipid profile prior to gestation on the composite outcome of preeclampsia and gestational diabetes mellitus.
Methods

Study population
In this investigation we used prospectively-collected data on all deliveries between January 2005 and December 2011 in the Soroka University Medical Center (SUMC). SUMC is a 1000 bed tertiary teaching hospital and the only provider for inpatient care for a population of 700,000 residing in Southern Israel. During the study period average annual number of deliveries managed at SUMC was around 12,500.
In the study population we included women who had one of the lipids tests (analyzed in the single laboratory) in a time frame of 12 months prior to the conception of a singleton pregnancy. Women with ischemic heart disease, stroke, peripheral vascular disease, known diabetes mellitus diagnosed prior to conception, dyslipidemia or hypertension were excluded from the analysis. This database derived from the computerized retrospective database of the medical Center. Data collected in the database included information on maternal comorbidities, perinatal assessment, maternal and fetal complications. Fasting glucose levels during gestation were assessed as well. In a case of a multiple glucose tests the maximal value was chosen.
Lipids levels measurement
The timing of lipid testing was related to the nearest estimated conception date. The cut-off points were defined as HDLc level50 mg/dL and fasting triglycerides level150 mg/dL following National Cholesterol Education Program and American Heart Association guidelines [10] . In case of multiple tests during the 12 months prior to the conception, the tests with highest triglycerides and lowest HDLc levels were chosen.
Definitions
Composite diagnosis of preeclampsia and/or gestational diabetes mellitus was the primary composite outcome in the study. The outcome diagnoses were assessed as recorded by a treating physician according to standard definitions used in our institution. Preeclampsia was defined as blood pressure of 140/90 mmHg after 20 weeks gestation and proteinuria of 300 mg of protein in 24 hours.
Gestational diabetes mellitus (GDM) was diagnosed based on results of a universal screening, i.e. a GCT of over 200 mg/dL or an abnormal OGTT test (two pathological measurements out of the 4-fasting measurements-1 hour, 2 hours or 3 hours after ingestion of 100 mg glucose).
Preterm delivery was defined as delivery prior to 37 weeks of gestation, small for gestational age (SGA) as birth weight below 10 th percentile for gestational age and large to gestational age (LGA) weight above 90 th percentile. Repeated spontaneous abortion was defined as two or more spontaneous abortions.
Data analysis
Each delivery was treated as a separate observation in the univariate analysis. The data on continuous variables with normal distribution were presented as mean ± SD, and compared between study groups using Student t-test. Continuous variables not normally distributed and ordinal variables were presented as median with inter-quartile range (IQ range) and statistical analysis was done using Mann-Whitney. Categorical data were shown in counts and percentages and the differences were assessed by Chi-Square, Fisher Exact test was used when appropriate.
Association between low HDLc, high triglycerides and the primary composite outcome was assessed by a multivariable logistic regression model using Generalized Estimation Equation (GEE) method, which accounted for clusters of multiple deliveries by the same women. Covariance matrix was conservatively defined as "unstructured". Variable selection in multivariable modeling was based on clinical and statistical significance. The following variables were included into the models: maternal age, preconception weight, blood pressure and preconception total cholesterol and glucose levels (in increments of 10 mg/dL), gravidity, fertility treatment, history of the recurrent abortions and. HDLc and triglycerides were included into the models stratified into four groups as following: We reported final parsimonious models.
Logistic regression models were used to create local regression (LOESS) curves for the likelihood of primary outcome (composite of GDM and preeclampsia) as a function of HDLc and triglycerides, adjusted for the age, gravidity, abortions, fertility treatments and weight.
Two-sided p-value of <0.05 was considered significant.
Ethics
The study was approved by the "Soroka University Medical Center" Ethics Committee. All clinical investigation was conducted according to the principles expressed in the Declaration of Helsinki. Informed consent was not required having that the data was collected retrospectively maintaining subject confidentiality. Patient records was anonymized and de-identified prior to analysis. 
Results
Population characteristics
Primary composite outcome of preeclampsia and/or gestational diabetes was observed in a total of 3,243 deliveries (3,131 women). 
HDLc and triglycerides levels
Women with preeclampsia and/or gestational diabetes had higher preconception glucose (123 vs. 106 mg/dL), LDLc (108 vs. 102 mg/dL), total cholesterol (192 vs. 180 mg/dL) and triglycerides (147 vs. 111 mg/dL) and a lower HDLc (53 vs. 55 mg/dL).
We compared between patients with triglycerides levels150 mg/dL and patients with triglycerides levels<150 mg/dL (Table 2) . Women in the group with higher triglycerides levels were heavier (77 vs. 70 kg), had higher LDLc (117 vs. 99 mg/dL, p<0.001), higher total cholesterol levels (217 vs.171 mg/dL, p<0.001) and higher systolic and diastolic blood pressure (121/ 75 vs. 116/72, p<0.001 for both). HDLc levels were similar between the two groups (54 vs. 55 mg/dL, p = 0.03). Women with higher triglycerides had higher rates of various gestational complications, e.g. mal presentation (10 vs. 8%, p<0.001), premature delivery (14 vs. 11%, p<0.001) and large for gestational age newborns (10 vs. 7%, p<0.001).
We further compared patients stratified by HDLc levels prior to conception using a cut-off of 50 mg/dL (Table 3) . Age was similar between the groups. Low HDLc group was characterized by the higher incidence of the repeated spontaneous abortions. The main differences included lower LDLc (98 vs. 105 mg/dL, p<0.001) and total cholesterol (165 vs. 190 mg/dL, p<0.001) along with greater weight (75 vs. 70 kg, p<0.001) and triglyceride level (119 vs. 108 mg/dL, p<0.001) in the group of women with low HDLc levels. This group had higher rates of mal presentation (10 vs. 8%, p<0.001).
Primary outcome
Women with low HDLc levels had the rate of the primary outcome of preeclampsia and/or GDM of 14.5%% vs. 10.7%% in the group with higher HDLc (Fig 1, p<0.001) . Similarly, women with high triglycerides had the rate of the primary outcome of 20.2%% vs. 9.6%% in the group with lower triglycerides (Fig 2, p<0.001) . In a subgroup of women with both elevated triglycerides and low HDLc (n = 1928) the rate of the primary outcome was 24.7% as compared to 9.1% in the group with low triglycerides and high HDLc (p<0.001).
Elevated triglycerides (150 mg/dL) and low HDLc (50 mg/dL) were independently associated with the primary outcome: with odds ratio (OR) of 1.61 (95% CI 1.29-2.01) and OR = 1.33 (95% CI 1.09-1.63), respectively, after adjusting to established risk factors for GDM/ preeclampsia, including maternal age, weight, blood pressure, habitual abortions, fertility treatments and fasting glucose. There was an interaction between the effects of HDLc50 mg/dL and triglycerides150 mg/dL with an OR of 2.69 (95% CI 1.73-4.19) ( Table 4) .
Multivariate analysis of the composite outcome was repeated stratified by the glucose cutoff point used for the definition of diabetes mellitus: >125 mg/dL and 125 mg/dL. The adjusted risks were similar in both groups: OR = 1.57 for triglycerides150 mg/dL, OR = 1.30 for HDLc50 mg/dL in groups of women with glucose>125 mg/dL (n = 5322, 19.2%) and OR = 1.61, OR = 1.35 for women with glucose levels125 mg/dL (n = 21226, 76.6%).
Furthermore, elevated triglycerides levels were shown to be independently associated with the primary outcome with an OR of 2.38 and with each of the components of the outcome with an OR = 2.16 and OR = 2.50 for preeclampsia and GDM, respectively (p<0.001 for all). Similarly, low HDLc levels were independently associated with the primary outcome with an OR of 1.41 and with each of the components of the outcome with an OR = 1.20 and OR = 1.51 for preeclampsia and GDM, respectively (p<0.001 for all). LDLc levels were not found to be associated with preeclampsia and /or gestational diabetes. To assess the dose dependency between HDLc, triglycerides and outcome we used LOESS approach with an adjustment to systolic blood pressure, age, gravidity, history of abortions, fertility treatments and weight and glucose levels before pregnancy (Figs 3 and 4) . We found an almost linear association between adjusted triglycerides levels and the outcome, while the effect of low adjusted HDLc levels is plateauing above the level of 60 mg/dL.
Discussion
We found that low preconception levels of HDLc and high levels of triglycerides are independently associated with an increased risk for preeclampsia and/or gestational diabetes mellitus, while the highest rates of this composite outcome were observed in a group with both high triglycerides and low HDLc.
In this study we studied the primary hypothesis that an association between the components of the metabolic syndrome prior to conception and possible presentations of the gestational metabolic syndrome. Specifically, we explored the association between abnormal lipid levels and the composite outcome of gestational diabetes and hypertensive disorders of pregnancy. Based on our dose-response adjusted analysis we were able to establish an almost linear positive association between pre-gestation triglycerides levels and the outcome and a negative linear effect HDLc levels for values below 60 mg/dL. The observed associations were adjusted for the various maternal characteristics inclusive of fasting glucose, weight, blood pressure, age and parity. The associations remained significant with as similar effect size in group of women with possibly undiagnosed diabetes mellitus defined by glucose levels above 125mg/dL. Different aspects of the cardiovascular risk factors effect on pregnancy outcomes have been studied. Elevated blood pressure was found to be a risk factor for preeclampsia [6, 11] . Body fat percentage was found to be associated with gestational diabetes and hypertension risks [11] and BMI with lipid level changes during pregnancy [12, 13, 14, 15] . Harville et al. showed that pre-pregnancy components of metabolic syndrome including high BMI, triglycerides, waist circumference and low HDLc are associated with an increased risk of gestational diabetes [16] . In our previous study we have explored the effect of gestational changes in lipid levels on the pregnancy outcomes [17] , however so far no cut-off points for the preconception lipid levels were defined. Our current analysis further reinforces the association of both preeclampsia and gestational diabetes with abnormal lipids levels. Elevated triglyceride levels and/or low HDLc cholesterol levels, both of which are part of the metabolic syndrome, usually precede the onset of hyperglycemia in individuals prone to develop diabetes [17, 18] . Thus, we hypothesize that the risk of pregnancy complications associated with elevated triglycerides and low HDLc may be the manifestation of the metabolic syndrome of pregnancy. I.e. subtle signs of metabolic syndrome prior to a conception can be translated into a detrimental health effect during pregnancy, a natural state of insulin resistance, in susceptible women. What do our findings mean for women contemplating conception and their physicians? We believe that these findings can lead to an addition of lipids screening to the pre-pregnancy assessment. Following identification of women with abnormal lipid levels, increased vigilance for early signs of pre-eclampsia and GDM might be considered. This includes close blood pressure monitoring and a glucose tolerance test [19] . Life style change for women found to have abnormal metabolic profile can be recommended. These interventions can be undertaken both before and during the gestation.
Dietary changes have been shown to improve maternal metabolic profile and specifically lipids homeostasis [20] [21] [22] [23] . Exercise is a common lifestyle change advocated for dyslipidemia and its effect during pregnancy has been explored in a number of studies, showing a decrease in LDL levels [24] , trend toward lowering free fatty acids [25] and reduction in fasting triglycerides levels [26] .
Supplementation of omega 3 fatty acids can be considered as another therapeutic option. Studies have shown a decrease in triglyceride levels in the general population [27] . Furthermore multiple studies have explored their effect on different pregnancy outcomes thus providing reassurance regarding the safety profile.
The study strength and limitations are inherent to the retrospective design. The large population based contemporary cohort with a negligible loss to follow up increases results generalisability, however, this methodology did not allow for a control over the type of the data accumulated in the database. For instance, no measures of height were available, and therefore the analysis used weight for adjustment, rather than a more relevant measure of a body mass index. The study population was limited to those who had a lipid level test, exposing the study analysis and its conclusions to a selection bias. However, the comparison between women with and without lipids testing in health related characteristics did not reveal major differences. Furthermore, the rates of the outcomes between tested and non-tested women were similar, reassuring that the extent of the potential selection bias is somewhat minimal.
We believe that the findings in this study have great significance for further screening and treatment of major obstetric pathologies i.e. gestational diabetes mellitus and preeclampsia. We also believe further studies are needed to explore the cut point for triglyceride levels, treatment options including lifestyle changes, and omega 3 supplements including the timing, dosage and lipid level treatment goals. To conclude, there was an increased rate of preeclampsia and gestational diabetes in women with low HDLc and high triglycerides values measured prior to conception. In view of high severity of the two pregnancy complications-the finding may warrant routine screening for the abnormal lipid profile, especially among women planning pregnancy and having an elevated risk of gestational diabetes and/or hypertensive disease of pregnancy.
